This study was designed to establish norms of hand function, and to identify developmental characteristics of hand function among the Korean children. 712 elementary school children participated in measurement of grip strength, three kinds of pinch strength, and dexterity. The hand strength of the Korean children appeared to be weaker than that of western children. The grip strength of boys was significantly stronger than that of girls in all ages for both hands. The order of magnitude of three kinds of pinch strength was, in descending order, lateral pinch, palmar pinch and tip pinch for both boys and girls. There was no significant difference of hand function according to the type of hand dominance in boys. However, girls with left hand dominance showed weakness of bilateral grip, right tip pinch, and bilateral lateral pinch strength compared with girls with right hand dominance. In conclusion, this study provided normative data of hand functions including dexterity, and enabled us to identify some developmental characteristics of hand functions for the Korean elementary school children.
INTRODUCTION
The hand is an essential organ for various activities of daily living. In case of impaired hand functions due to brain lesions, peripheral neuropathies or other causes, it is imperative that hand strength and dexterity be evaluated in order to determine the severity of hand dysfunction and establish an effective rehabilitation program (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Because the hand function develops as children grow up, the norm of the hand function for each age must be determined (1, 4, 7, 10) . With reviewing the literatures, hand dexterity of children has not been widely studied until now (7), whereas there have been several reports on the grip and pinch strength of children (1, 4, 7, 10) . And, to the best of our knowledge, there has been no report on the normative data of hand functions for Korean children. So far, the data on hand function from reports of western countries have been used as a reference for the Korean children. However, these data are considered inappropriate for the Korean children because they do not take into account the differences in physical characteristics according to race and region. This is the same logic as using different norms for height, weight, and head circumference according to race and region.
Consequently, the objectives of this study were to provide normative data of hand function, including dexterity for the Korean elementary school children, and identify the characteristics of the development of hand functions for the Korean elementary school children.
SUBJECTS AND METHODS

Subjects
The subjects of this study were the students in an elementary school located in Suwon city, Korea, who did not experience any pain or disability in their upper extremities and, at the same time, who were able to follow the standardized procedure of testing hand function. With these inclusion criteria, seven hundred and twelve children between 7 and 12 yrs of age (370 boys, 342 girls) participated in this study.
Evaluation of hand function
The evaluation of hand function was done in each classroom by the first two authors. Before the test, a general orientation to the procedure was given. Children were seated facing the evaluator at their desk with their shoulder adducted and neutrally rotated, elbow flexed at 90°. The wrist was positioned in between 0°and 30°of dorsiflexion, and between 0°and 15°o f ulnar deviation, but not in flexion (1, (11) (12) (13) (14) . The forearm was positioned in neutral for the evaluation of grip strength and lateral pinch (key) strength, in pronation for tip pinch (two-point) strength and palmar pinch (three-jaw chuck) strength. Grip strength was tested first, followed by tip pinch, palmar pinch, and lateral pinch. Before the evaluation, clinical data such as sex, age, height, weight and hand dominance were collected. Hand dominance was determined by asking for the hand used to hold a pencil and used to throw a ball (1).
Grip strength
Grip strength was evaluated with the JAMAR Hydraulic Hand Dynamometer (Sammons Preston, PO Box 93040 chicago, IL 60673-3040 U.S.A.) set at the second position for all subjects (15) . Two consecutive determinations were performed, while alternating the dominant hand with the non-dominant hand. The mean of the two measurements was used as the outcome of this study.
Pinch strength
The JAMAR Hydraulic Pinch Gauge (Sammons Preston, PO Box 93040 chicago, IL 60673-3040 U.S.A.) was used for the measurement of pinch strength. The pinch meter measures finger prehension force in pounds. Two consecutive determinations were performed, while alternating the dominant hand with the non-dominant hand. The mean of the two measurements was used as the outcome of this study.
In tip pinch, the pinch meter was grasped with the tips of the thumb and index finger. For palmar prehension, the pinch gauge was grasped between the pads of the thumb, index finger, and long finger. For lateral pinch prehension, the pinch gauge was positioned between the pad of the thumb and the radial side of the middle phalanx of the index finger (1, 7).
Dexterity
Dexterity was measured with the Nine-Hole Peg Board (Sammons Preston, PO Box 93040 chicago, IL 60673-3040 U.S.A.) in terms of the time that it took for a subject to place nine headless pegs in holes on a 5-inch square peg board, and then to remove them. The performance of each subject was recorded in seconds, and the test was performed once with each hand (3) . The pegs were placed in a container next to the board on the same side of the hand being tested. The dominant hand was tested first. The subject was told to pick up one peg at a time, using one hand only, and to put them in the holes until all nine holes were filled. The subject was told that the holes might be filled in any order, and that as soon as he had filled all the holes, he should take the pegs out again from the holes one by one.
Comparison of hand function of the Korean children with that of the western countries
We compared the hand strength of these Korean children with the data of Ager et al. (1) . While Ager et al. presented the norms of hand function according to hand dominance, we calculated the mean from the data of both hands of Ager et al., compared Ager' s data with our own data and expressed as follows: the hand strength of the Korean children/ the hand strength of the children of the western countries ×100.
Values are given as mean±standard deviation. There is no significant difference in physical characteristics between boys and girls. Values are given as mean±standard deviation. *The grip strength of boys was significantly stronger than that of girls in all age groups for both hands.
�
There was no significant difference in three kinds of pinch strength and dexterity between boys and girls. Independent t-test was used for the comparison of the hand function between boys and girls. One-way ANOVA and multiple comparison test using Least Significant Difference method was used for comparison of hand function according to hand dominance.
RESULTS
The hand functions, as well as height and weight for the elementary school children, are presented in Table 1 , 2 according to age and gender. There was a steady increase in height, weight, grip strength, three kinds of pinch strength and dexterity as the child' s chronological age increased (p<0.05). In regards to the difference by gender, the grip strength of the (Fig. 1 continued next boys was significantly stronger than that of the girls in all age groups for both hands (Table 2 ). However, there was no significant difference in three kinds of pinch strength and dexterity (Table 2) , as well as height and weight between the boys and the girls (Table 1) . There was no significant difference in hand function according to the type of hand dominance among the boys (Fig. 1) .
However, bilateral grip strength, right tip pinch strength, and bilateral lateral pinch strength were significantly weaker among the girls with left hand dominance, compared to the girls with right hand dominance or both hand users ( Fig. 2A-C,  G, H) . 
DISCUSSION
To the best of our knowledge, this may be the first report on dexterity of the children using the Nine-Hole Peg test. Kellor et al. studied the dexterity of subjects aged 18 or more; the score of the Nine-Hole Peg test for the youngest group was 15.0 sec for males and 16.0 sec for females, while the score for the oldest group was 25.5 sec for males and 23.0 sec for females (3) . In comparison, the children in our study ranged from 7 to 12 yrs old and the score of the 7 yr-old children was 26.1 sec for both boys and girls for the right hand on the Nine-Hole Peg test, while the score for the 12 yr-old children was 17.1 sec for boys and 16.2 sec for girls for the right hand. Therefore, the dexterity of the hand is thought to reach the adult level after the age of 12, although the major development of dexterity seems to occur during the elementary school period.
When compared with the adult values from the study of Mathiowetz et al. (6) , the grip strength of the children aged 12 in our study was 44.1/46.5% for the boys and 67.5/71.4% for the girls in each right and left hand, respectively. The tip pinch strength of the children aged 12 yr was 41.8/34.1% for the boys and 59.3/56.5% for the girls. The palmar pinch strength of the children aged 12 yr was 50.0/51.7% for the boys and 69.9/68.8% for the girls. The lateral pinch strength of the children aged 12 yr was 50.2/51.3% for the boys and 74.1/72.5% for the girls. Therefore, the developmental rate of hand function in elementary school children seems to be faster in girls than in boys.
Regarding the difference in hand function by gender, in our study, the grip strength of the boys was significantly stronger than that of the girls during the entire period of elementary school. However, there was no significant difference in three kinds of pinch strength and dexterity between the boys and the girls. The previous studies mentioning sexual difference in hand function (1, 7, 16) reported that males tended to be stronger than females in three kinds of pinch strength, as well as grip strength, however, did not statistically analyze the difference of hand function by gender. In this study, the pinch strength test indicated that the order of magnitude, in descending order, was lateral pinch, palmar pinch and tip pinch for both boys and girls, and this finding is consistent with the previous study (16) .
As for hand dominance, right hand dominance was found in 89.5% and 90.9%, respectively for the boys and the girls in our study. The report of Ager et al. (1) showed that the right hand dominance was found in 88.5% and 89.1% of the boys and the girls, respectively. In the report of Mathiowetz et al. (6) , right hand dominance was found in 92% of the men and 92.7% of the women. At first, we expected that the children with left hand dominance in our study might be smaller in numbers than those of the western countries, since left hand dominance in our country tended to be forced or changed into right hand dominance by their parents. However, the proportion of hand dominance in this study was similar with the two studies from the western countries. This is another interesting finding in our study. With regard to the difference in the strength between dominant and non-dominant hands in our study, there was no significant difference in grip strength according to type of hand dominance in the boys and the girls, and it was consistent with the previous studies (2, 7). However, bilateral grip strength, right tip pinch strength, and bilateral lateral pinch strength were significantly weaker among the girls with left hand dominance, compared to the girls with right hand dominance or both hand users. The former report (7) showed nonsignificant effect of hand dominance in pinch strength in women, as well as men. Therefore, the reason for this contradictory results should be clarified in future.
We compared our data with the data from the previous studies (1, 4, 7, 10) . Among several studies on child' s hand function, the comparison of our data with study of Ager et al.' s (1) was presented in Fig. 3 because this study presented the data of hand functions every one-year age and the operational definition used for each pinch type was same with our study. Compared with other data including Ager et al.' s data, the hand strength of the Korean children tended to be weaker than that of the children in the western countries. In particular, the palmar and lateral pinch strengths of the Korean children tended to be weaker than those of the western children in younger ages. With caution due to the possible methodological difference, there were significant differences in the norms between our data and the data of western countries.
We should mention some methodological limitations of this study. First, the hand strength of our sample group from Suwon may not be the representative of hand strength throughout the entire Korea. Therefore, a study using the same standardized procedures in another area of the country is needed. Second, it is known that test-retest reliability is the highest in all tests of hand strength, when the mean of three trials is used (17) . However, due to the limited time, we were only able to use the mean values of two consecutive data.
In conclusion, this study provided normative data of hand functions including dexterity for the elementary school children in Korea. In addition, we identified the following characteristics in the development of hand functions for the Korean elementary school children: 1) There was a steady increase in grip strength, three kinds of pinch strength and dexterity in accordance with increase in child' s age. The order of magnitude of three kinds of pinch strength was lateral pinch, palmar pinch and tip pinch in descending order for both boys and girls. 2) The grip strength of boys was significantly stronger than that of girls in all ages for both hands. 3) There was no significant difference of hand function according to type of hand dominance in boys. However, girls with left hand dominance showed significant weakness of bilateral grip strength, right tip pinch strength, and bilateral lateral pinch strength compared to girls with right hand dominance. 4) The developmental rate of hand function in elementary school children seemed to be faster in girls than in boys. The dexterity of the hand was thought to reach the adult level after the age of 12 yr, although the major development of dexterity seemed to occur during the elementary school period. 5) For most of the children, the hand strength of the Korean children appeared to be weaker than that of the western children. In particular, the palmar and lateral pinch strengths of the Korean children tended to be weaker in the lower grades. This is thought to be the first report on the hand function of the Korean children. Therefore, despite some limitations, these norms of hand function will be helpful in understanding the characteristics in the development of hand function for children and in evaluating the effectiveness of rehabilitation programs.
